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Abstract 



The w-meson photoproduction, 7+p —* p + uj, is studied in the framework 
of a model, containing 7r-meson exchange in t-channel and nucleon-exchange 
in s- and u-channels. Considering both cj-ZViV-coupling constants in the region 
of time-like meson four momenta as the free parameters, we find different sets 
of solutions for these constants from the existing data on the t-dependence 
of the differential cross sections, da(j + p — > p + to) /dt, in the near threshold 
region 2£ 7 < 2 GeV. These sets of wAW-coupling constants, corresponding to 
destructive and constructive tt iV-interference contributions to da/dt can 
be well distinguished by measurements of beam asymmetry, induced by linear 
photon polarization. 



I. INTRODUCTION 

The vector meson photoproduction on nucleons, 7 + p — > p + V, V = p or u, in the 
near threshold region E y < 2 GeV, can be considered as a source of important information 
concerning interesting problems of hadron electrodynamics, such as for example the values 
of different electromagnetic and strong coupling constants and the properties of the so-called 
"missing" resonances [l|J^]. To solve these and other similar problems a suitable model for 



1 



7 + P - > P + V must be formulated. This is especially important for the study of the physics 
of missing resonances. It is a well known fact that in the iV*-resonance physics for the 
successful extraction of adequate resonance information, the correct theoretical description 
of nonresonant mechanisms must be at hand. This is not a simple task and it has been an 
actual problem up to now even for the case of "oldest" A(1232)-resonance, where for the 
exact value of the small quadrupole (E2) multipole amplitude for the decay A — > iV + 7, the 
correct knowledge of the corresponding nonresonant background is needed [§-[5| . Evidently, 
this statement is correct for any iV*-resonance. 

The theoretical study of the nonresonant mechanisms for the processes of vector meson 
photoproduction on nucleons, 7 + N — > iV + V, in the near threshold region E y < 2 GeV, 
is at its beginnings, there is no unique and well-proved solution of this task. The follow- 
ing mechanisms are considered in the literature |I|J2]J^-|13| : pseudoscalar (7r, 77) and scalar 
((j)-meson exchanges in t-channel, one-nucleon exchanges in (s+u)-channels, and Pomeron 
exchange for the case of neutral vector meson photoproduction. Typically, different combi- 
nations of these contributions are analyzed by different authors. All these ingredients are 
characterized by relatively large number of coupling constants and cut-off parameters which 
determine the phenomenological form factors for the electromagnetic and strong vertexes 
of the considered pole diagrams. Some of these parameters can be determined from other 
processes, such as for example, the radiative decays of vector mesons V —>■ n(r]) + 7, with 
good enough accuracy. The same is correct for the 7riViV-coupling constant, which has been 
determined with the highest accuracy among different strong coupling constants. However, 
another situation exits for VNN-coupling constants which determine the nucleon pole dia- 
grams for processes 'y + N—>N + Vm the region of time-like momentum of vector meson, 
q 2 = m 2 . In general, therefore, these values can be very different from their values in the 
space-like region of vector meson momentum, which is the case of pion photoproduction, 
7 + N — > iV + 7r, vector meson exchange in t-channel, or NN-potential flI^ , |T5f . 

Another important question concerns applicability of Pomeron exchange in the near 
threshold region, where the validity of the Regge-regime seems problematic, and not so 
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evident. It is enough to remember that, typically the kinematic region of application of 
Regge-theory is determined by the following conditions: s 3> M 2 , s ^> t, where s and t are 
the standard Mandelstam variables, M is the nucleon mass. Evidently such conditions can 
not be realized in the near threshold region for 7 + iV — > iV + V. 

In this work, we attempt to consider these questions for the cu-meson photoproduction, 
7 + iV — > N + uj, which have some special properties, different from p°-meson photoproduc- 
tion, 7 + iV — > N + p°. First of all, due to the relatively large cu^-coupling constant in 
comparison with p7r7-coupling constant, one-pion contribution can be considered as the main 
mechanism in the near threshold region for 7 + N — > N + uj processes. That is an important 
point because this contribution is determined by product of the well-known coupling con- 
stants, g^-K-yQirNN- So here we have a situation, different from the case of p°-photoproduction, 
where another t-exchange is important, namely cr-exchange. But properties of the cr-meson 



are not well established now, even its mass is inside of a wide interval: 400-1200 MeV [16 



the same is also true for the cx-width: V = 600 — 1000 MeV. Moreover, the product of neces- 
sary coupling constants, namely g pcT1 gaNN cannot be considered as well known. For example, 
the "standard" assumption |Tj| that pcr7-coupling constant is essentially larger in compar- 



ison with co><77-coupling constant must be revised now after the experiment of Novosibirsk 



group |l7j , which proved definitely that the width of radiative decays uj — > ir° + 7r° + 7 and 
p — > 7T° + 7T° + 7 are comparable. Let us note in this connection the previous conclusion 
about large enough po"7-coupling constant that was obtained on the basis of the relatively 
large measured branching ratio for p — > tt + + tt~ + 7 in comparison with uj — ► 7r° + 7r° + 7 
branching ratio [pl|. However, the main contribution to p — > 7r + + 7r~ + 7 must be not due 
to cr-mechanism (p° — > 7 + cr° — > 7 + 7r + + 7r _ ) but due to 7-radiation of final charged pions. 

Therefore, the situation with cr-exchange in the process 7 + p —>■ p + p° becomes more 
complicated now. In principle it is possible to "save" cr-exchange in 7 + p — > p + p°: 
the decrease in the value of (7 po - 7 -coupling constant , which follows from the Novosibirsk 
experiment, can be compensated by correspondingly increasing the value of g a NN coupling 
constant. By such a manipulation it is possible to conserve the substantial cr-contribution 



to the matrix element for process 7 + p — > p + p° in the near threshold region, but as a 
result, we will obtain quadratically increasing a-contribution to NN-potential. Therefore, 
this problem must be studied independently. 

And another point with increasing aiViV-coupling constant is that this will also increase 
respectively a-contribution to the matrix element of the process 7 + p — > p + u making this 
contribution comparable with that of the process 7 + p — ■> p + p°. So, in such a situation, 
we will have large and comparable contributions, namely a and n, to the matrix element of 
7 + p — > p + oj which evidently contradicts the existing explanation of experimental data 
about differential cross sections for this process. In order to remove this contradiction, these 
two large contributions must be essentially compensated by some destructive interference 
with other possible contributions to the matrix element of 7 + p — > p + oj process. But 
pure imaginary Pomeron contribution cannot interfere with real amplitudes of n- and o- 
exchange. So the best candidate for such interference could be N-contribution considered in 
(s+u)-channels to satisfy gauge invariance, or iV*-contributions. 

We like to note that in the general case each iV*-resonance, with spin J > 3/2, produces 
complicated enough spin structure in the matrix element due to the possible six independent 
multipole amplitudes, which must be nonzero. In any case, the situation with resonance 
physics in 7 + iV — > N + V processes is evidently more complicated in comparison with 
the pseudoscalar meson photoproduction on nucleon: 7 + iV — >N + iror'y + N— > N + rj. 
This means that the polarization phenomena in processes 7 + iV — * N + V are especially 
important to realize more or less unique multipole analysis. 

The specific property of iV*-contributions in s-channel is the generation of the complex 
amplitudes. This new property of the corresponding model will result in rich and specific 
T-odd polarization effects in 7 + N — > N + V, such as the analyzing power induced by the 
polarized nucleon target, or the polarization of produced nucleon. So, namely the T-odd 
polarization phenomena m'y + N-^N + V will be the most decisive for the estimation 
of 7V*-contributions in a more definite way. Being the simplest among all vector meson 
photoproduction processes, the reaction 7 + iV — > N + uj seems as the most suitable for 
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the identification of the adequate nonresonant mechanisms for such processes in the near 
threshold region. 

In this paper, we try to estimate the role of nucleon contribution to the matrix ele- 
ment of the processes 7 + iV — > iV + uj. Instead of standard and oversimplified model for 
7 + p — > p + uj with 7r-exchange only we consider here more complicated (it + iV)-model, 
but without Pomeron exchange in the near threshold region. To estimate possible strong 
dependence of cjiVW-coupling constants on vector meson four momenta, going from the re- 
gion of space-like to time-like vector meson momentum, we consider in our approach both 
possible cjiViV-coupling constants, tensor and vector types, as free parameters to be deter- 
mined by performing a fit to the existing experimental data on the differential cross section 
da(j + p — > p + uj) /dt in the near threshold region. Such a model will produce non-trivial 
and relatively intensive polarization phenomena in / -f + N^N + uj. Of course, all these 
polarization effects have T-even character. But instead of trivial polarization effects of the 
7r-exchange model, the (ir + AQ-model will produce specific t-behaviour of such observables, 
such as the asymmetry E induced by photon linear polarization, the elements of density 
matrix for the vector mesons produced in collisions of polarized and unpolarized particles. 
Among the possible two spin polarization observables of T-even nature let us note the 
asymmetry in collisions of circularly polarized photons with polarized targets. High energy 
photon beams with high degree of circular polarization is available in JLAB now. Note also 
that the suggested model with (n + iV)-contributions will produce also essential difference 
in observables on proton and neutron targets due to 7r ® iV-interference and due to different 
N-contributions. 

So our main aim in this work is to find a special simple (7r+iV)-model with relatively large 
N-contribution, which is cancelled in differential cross section with unpolarized particles by 
the essential n ® iV-interference, as a result imitating the differential cross section da(j+p — > 
p+uj) I dt of the pure 7r-exchange model. Evidently such (7r+ iV)-model and simple 7r-exchange 
model will differ essentially in isotopic effects and in polarization phenomena. 
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II. DESCRIPTION OF THE MODEL 



We begin here by discussing the main properties of the suggested model for the process 
7 + 7V— >JV+u;in the near threshold region. The nucleon s-channel contribution is described 
by the following amplitude: 

M s = j^u{p 2 ){gl NN U + 9 ^U q)(p\ + k + M)(Q N e - k)u( Pl ) , 

(1) 

where and k {U^ and q) are the polarization four-vector and four-momentum of the photon 
(cj-meson), e ■ k = U ■ q = 0, a — 7 M a^, M is the nucleon mass, Qn is the nucleon electric 
charge, i.e Qn = 1(0) for proton (neutron), k n is the nucleonic anomalous magnetic moment, 
Kn = 1.79(— 1.91) for proton (neutron); g^ NN and g^ N N are t ne vector (Dirac) and tensor 
(Pauli) coupling constants of the wiViV-vertex. The notation of particle four momenta is 
presented in Fig. 1. We consider here the quantities g^ NN and g^ NN as constants, neglecting 
their possible dependence on the virtuality s of the intermediate nucleon. Therefore, the 
same coupling constants g„ NN and g^ NN determine the matrix element of nucleon exchange 
in u-channel as 

M u = —L^tffoXQ^ - ^Le k)(p 2 - k + M){gZ NN U + 9 ^U q)u( Pl ) , 

(2) 

where u — (k — P 2) 2 ■ 

We like to repeat here once more that, in the general case the quantities g^ NN and 
9ujNN m Eq.(2) must be considered as some form factors, g^ = gi(u), but to preserve gauge 
invariance of the sum M. s + A4 U , we will neglect the possible s- or u-dependence of ^. In 
any case we consider here the very probable possibility that the g^ NN and g^ NN in Eqs.(l) 
and (2) are different from their values in the space-like region of vector meson momentum, 
i.e. we will consider the coupling constants g„ NN and g„ NN as the fitting parameters of the 
suggested model. 
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The matrix element for t-channel 7r-meson exchange can be written straightforwardly in 
the following way: 

Mt = e 9^n _^nn_ Knn ^ p ^ t) (¥(p2) 7s u{pi)) ^ ^ Ua qp) ) (3) 

where t = {k — q) 2 , is the pion mass, m w is the cu-meson mass, g W7r7 and F^^if) 
{,9-kNN and F vNN {t)) are the coupling constant and the corresponding form factor for the 
electromagnetic-cu^ (strong- ttNN) vertex of the considered diagram. 

We like to note that, in our analysis we avoid using any form factor in Ai s + Ai u , again 
to preserve gauge invariance of M. s + M. u . Evidently, a s-dependent form factor for Ai s 
and a u-dependent form factor for Ai u , which seems as the most natural way to introduce 
form factors, will destroy the coherence of both of these contributions with respect to the 
conservation of the electromagnetic current for the considered process. 

We prefer in our treatment to include the possible form factor effects and also the ef- 
fects of transition from space-like to time-like region in w-meson four momentum in the 
effective values of the coupling constants g^ NN and g^ NN . If the above mentioned effects 
are important, the resulting values of fitted coupling constants g^ NN and g^ NN , which are 
to be obtained by a fit to the existing experimental data about differential cross section 
for 7 + p — > p + uo |19| , will be different from their values obtained in the space-like re- 



gion. Therefore, these new values for the coupling constants g^ NN and g^ NN can also be 
used in similar analysis of the nucleon contribution to many other processes with cu-meson 
production, such as, n + N — > N + U, e~ + iV — > e~ + N + u, n + N — » n + u etc. 

In our calculation of different observables for 7 + iV^iV-|-u;we use the formalism of so 
called transversal amplitudes in the center of mass system (CMS) of the considered reaction. 
This formalism is effective for the analysis of polarization phenomena in the processes of the 
vector meson photoproduction, and especially useful in the analysis of the problem of the 
full reconstruction of the spin structure of the matrix element for 7 + iV — > N + V from the 
complete experimental data. 

The corresponding parametrization of the general matrix element of any photoproduction 



process 7 + N — > N + V, which is valid for any model, can be written in terms of 12 
independent transversal spin structures in the following way: 

M = vlFvi , 

T = ij \{e.m){U. m) + if 2 (s.m)(U.k) + if 3 (e.H)(U.H) 
+ (a.k)[f 4 (e.m)(U.m) + if 5 (e.m)(U.~k) + if 6 (e.H)(U.k)} 
+ (aA)[f 7 (s.m)(UM) + if 8 (e.fi)(U.m) + if 9 (s.H)(U.k)\ 
+ (al)[f w (e.k)(U.k) + if u (e.fi)(U.m) + if 12 (e.fi)(U.%)} , (4) 



where the set of unit orthogonal 3-vectors rh, n, and k are defined as: k = k/\k\,n = 
k x q/\k x q\,rh = n x k and k and q are the three- momentum of the photon and the vector 
meson in CMS, ipi and <p 2 are the two-component spinors for initial and final nucleons; f iy 
% = 1, 12, are the so-called transversal amplitudes, which are complex functions of two 
independent invariant variables, s and t, /j = fi(s,t). 

The differential cross section da/dfl with all the particles in the initial and final states 
unpolarized, and the beam asymmetry E which is defined as 

da\\/dQ — dcr±/dQ 
= da ll /dQ + da ± /dn ' ( ' 

can be expressed as the following quadratic combinations of the transversal amplitudes /«: 
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where M = \q\/QAn 2 s\k\ and da\\/d£t (da±/dQ) is the cross section of photon absorption 
with linear polarization which is parallel (orthogonal) to the reaction plane. 

Let us give now, as an example, the expressions for fa corresponding to ir- and cr-exchange: 

f* = e ^ + M ) + M ) & > 

fin = f?m = f?>iv = f Am = fbir = f^ir = 

f 77T = —^— B ln sm9 , = (A ln cos 9 + B 2n ) sin0 

= ^ I^sin 2 ^ , f[ 0w = (A 27r sm 2 9 + B 37T ) 

f[ ln = (A 3n sin 2 9 + B 4w ) , /{ 2?r = -(A lv cos + 5 5 ^) sin 9 , 

(7) 



and 



f[ a = -(A 3a sm 2 9 + B 2a ) , /^-(A^sin^ + i^smfl 
/L = ~( sin 2 9 + 5 4ct ) , fl = ~(A 2a cos + B 6a ) sin 

^5(7 = A^u sin 2 9 , & a = -(-^A 4(T cos9 + B 5a ) sin0 

f'lcr = f%a = fda = flOa = filer = fl2a = J 



(8) 



where Ei(E 2 ) is the energy of the initial(final) nucleon, E w is the energy of w-meson, 9 is 
the angle between k and q in CMS, and the coefficients A in (i — 1 — 3), -B i7r (i = 1 — 5), and 
A ia (i — 3 — 5), fijo- (i = 2 — 6) in Eqs. (7) and (8) are given in Appendix A. 

Similar expressions can also be written for the (s+u)-contributions to the transversal 
amplitudes as 



/* = WTM M + M ) & + M) fi , 



f' u = (A ls + B ls cos9 + C ls cos 2 9) , f 2s = -{B ls + C la cos 9) sm9 
f 3s = (A 2s + B ls cos 9) , f As = (B 2s + C ls cos 9) sin 9 
fL = (-A 2s + B 2s cos6 + C ls cos 2 6) , ft a = B u sme 

// rf el cf rf rf 

Is ~ J6s ? /8s ~~ J As ? /9s ~~ /5s 

// rf rf rf rf rf 

10s — /3s ? /lis — ~~ /is ? /l2s ~~ — J2s J 

(9) 

= + M ) + M ) fL , 

f lu = -(A lu sin 2 6 + B lu ) , fc u = -(A lu cos6 + B 2u ) sin6 
fL = ~( A 2u sin 2 9 + B lu ) , f Au = (A 3u cos 9 + B 3u ) sin 
f^ u = -(A 3u cos 2 6> + B 4u ) , f' %u = A 4u sin 9 
fiu = - A hu sin6» , f' Su = (A 6u cos9 + B 5u ) sin 9 
f 9u = (A 7u sin 2 9 + 5 6u ) , f Wu = (A 8u sin 2 9 + 5 lu ) 
/n« = -(A 9u sm 2 9 + B lu ) , f[ 2u = -(A 10u sm 2 6 + B 7u ) , 

(10) 

where W = y/s, the coefficients A is (i = 1,2), B is (i = 1, 2), Cj S (i = 1) and A iu (i = 1 — 10), 
B iu (i — 1 — 7) in Eqs. (9) and (10) are given in Appendix B and C, respectively. 



III. NUMERICAL RESULTS AND DISCUSSION 

In the suggested model there are two different sets of parameters, namely the coupling 
constants, and the cut-off parameters Aj which characterize the t-dependence of the phe- 
nomeno logical form factors F unl {t) and F nNN (t) for the two vertexes of one-pion diagram: 

^ujn^t) - — — , r nNN {t) - —2 — , (llj 

Evidently, these two sets have different physical content and different physical meaning. 
First of all, the parameters Aj are positive, whereas for the coupling constants g^ NN and 
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9u)NN n °t on ly their absolute values are important but their signs as well, because of the 
essential interference effects. So, on the level of differential cross section with unpolarized 
particles there is a strong n (g) iV-interference, and the interference of type qZnnQuNNi as 
well. As a result, the fitting procedure can produce not only the absolute values of both 
constants g^ NN and g^ NN but their signs also. Of course, it is not the absolute signs we 
can speak here, but only about the relative signs of coupling constants g^ NN and g wNN with 
respect to the ^-contribution. Therefore, it is possible to assume that the product gun-ygnNN 
must be positive, thus fixing by this agreement some system for relative signs. In any case, 
the cut-off parameters Aj must be positive and can be fixed at some plausible values. 

So, in our model we have two fitting parameters, namely the cjiVA-coupling constants 
9wNN an d g'wNN' To find these constants we use the "new" experimental data about da(jp — > 
pu>)/dt in the near threshold region ||19|| : namely, for E 1 = 1.23, 1.45, 1.68, and 1.92 GeV 
corresponding to four energy intervals, 1.1 < E 1 < 1.35 GeV, 1.35 < E 1 < 1.55 GeV, 
1.55 < E~ < 1.8 GeV, and 1.8 < E 1 < 2.03 GeV, and in our fit we use all the experimental 
data in these energy intervals. Minimizing procedure demonstrates that (s+u)-contribution, 
being very important, can not be fixed uniquely on the basis of existing experimental data 
about da(jp — > puj)/dt. There are two sets of different pair g^ NN and g^ NN , which are 
equivalently good for the description of differential cross section da{^p — > puS)/dt with 
almost the same value of \ 2 ■ F° r example, if one uses the "standard" values for the cut- 
off parameters, namely A nNN = 0.7 GeV and A W7r7 = 0.77 GeV, the best solution with 
X 2 /ndf = 2.2 corresponds to the following values of g^ NN and g^ NN : 



To analyze the sensitivity of the "best" fit to A^V; and A unl we produce fitting with 
variable values of Aj, and discover that the "standard" values of Aj are not the best ones. 
For example for A^nn = 0.5 GeV, A^^ = 1.0 GeV we find a better solution, namely 



( a ) 9u)NN 



1-4 ) 9wNN 



0.4 



(12) 



(&) 9uNN — 0-5 , g^NN 



0.1 



(13) 
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with x 2 l n df — 1-6. For these values of parameter Aj the solution with negative value of 
coupling constant g^ NN , namely 

(c) ^ = -0.4, ^ = 1.0 (14) 

can also be found, but not with the best value of x 2 / n df = 2.5, which is near to the so- 
lution (a). The resulting differential cross sections obtained using the above solutions of 
the coupling constants in the model considered for 7 + p — >■ p + uo at E 1 = 1.23, 1.45, 
1.68, and 1.92 GeV are shown in Fig. 2. All these solutions are good enough to reproduce 
the t-dependence of da/dt but they are different in physical content: the fit (b) is produc- 
ing positive n ^-interference contribution to da/dt whereas the fit (a) and (c) negative 
interference contribution. But in all cases we are evidently improving in description of t- 
behaviour for —t > 0.5 GeV 2 , in comparison with one-pion exchange only. As we can see 
from Fig. 3, the different sets result in different cross section for — > nuo. So from the 
point of view of suggested model the future data about ^n — > nu will be very interesting. 

In this respect the beam asymmetry E which is very sensitive to the considered variants 
of the model here, is also important. Predicted behaviours of beam asymmetry E for 7+p — > 
p + u) and 7 + n — > n + uj are presented in Fig. 4 and Fig. 5, respectively. In the case of 
(b) model, the one-nucleon contribution is producing in absolute value a large, in sign a 
negative value of E, but the ir ® ^-interference is cancelling this value. Therefore, we have 
here some "imitation" of pure one-pion exchange, for which E = exactly, but for this set 
of values of corresponding coupling constants and cut-off parameters in this model E ^ 0, 
being E < 0.1. In some sense contrary situation appears for model (a) and (c), where the 
one-nucleon contribution generates small values of E, but the n ^-interference is very 
important, especially for the neutron target, producing even the maximal value |E| = 1 at 
t ~ l.OGeV 2 . 

Another prediction of our model is the ratio of differential cross sections R = da(jn — > 
nu) I da{^jp — > puS) which is shown in Fig. 6. In this figure, different contributions of exchange 
mechanisms to da(jp — > pu)/dt, R, S(7p — > puj) and E(7n — > nu) at E 1 = 1.45 GeV are 
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shown for the values of the cuiViV-couplmg constants g^ NN = 0.5 and g^ NN = 0.1. 

In principle a-contribution can be estimated here on the basis of coupling constant g wen 
obtained from the branching ratio uj — > tt° + 7r° + 7. Considering two mechanisms for this 
decay namely, a-exchange: u — » a + 7 — > tt° + 7r° + 7, and p-exchange: a; — > 7r° + p° —>■ 
7T° + 7r° + 7, then utilizing the experimental value of branching ratio it is possible to find two 
solutions for g W(T7 ipOfl . But these possible solutions for g wery with different signs will result 
however, in very small contribution to da/dt and E, on proton and neutron targets. 

Of course, our investigation is succeptible to both experimental and theoretical uncer- 
tainties. Experimentally, a systematic study of differential cross section dai^jp — » pu)/dt 
with high enough accuracy is not available. And the absence of any polarization data about 
process 7 + p — > p + u seems as a serious defect at the moment. This, combined with over- 
all poor quality of the reported data, may make a detailed analysis non-conclusive at this 
stage. Therefore, our calculations are performed on the boundary of the modern approaches 
to these processes, and as such should be considered as a first approach. 

Although our da/dt fit demonstrates our point that the existing data about real uo- 
photoproduction in the near threshold region can be explained in the framework of (n + N)- 
model, we do not consider our success to be decisive. Indeed, we obtained a fit in which 
only nucleon exchange in s- and u-channels is taken into account. In principle a fit of better 
quality can be done in a model with iV*-contributions. But we must repeat once more 
that the quality of existing data is not so good for more refined analysis. In any case it is 
demonstrated here that the proposed model in this work provides not only explanation of 
existing data about dai^yp — > pu)/dt in the near threshold region in the whole t region, but 
our analysis also proves that information about polarization observables in 7^ — > puo will 
help in clarifying the picture of cu-meson photoproduction mechanism. 

IV. CONCLUSIONS 

So our previous analysis allows us to obtain the following conclusions: 
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• The existing experimental data about t-dependence of the differential cross section 
da(^p — > pu)/dt in the near threshold region (E^ < 2.0 GeV) can be described in the 
framework of model with n- and N-exchanges, only. 

• For the coupling constants g^ NN and g^ NN of the wiViV- vert ex the different solutions 
have been obtained, corresponding to positive and negative values of g^ NN and g^ NN , respec- 
tively, with constructive and destructive n ® iV-interference contributions to the differential 
cross section da^p — > pu)/dt. Let us note that all these sets of the coupling constants 
QwNN an d 9ujNN are different from the "standard" values of these constants for the space-like 
values of vector meson four-momentum. 

• It is demonstrated that the t-behaviour of the beam asymmetry £ is especially sensitive 
to above mentioned sets of wiViV-coupling constants obtained in time-like region of vector 
meson four momentum. 
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APPENDIX A: THE COEFFICIENTS IN TRANSVERSAL AMPLITUDES OF vr- 

AND a -EXCHANGE FOR T-CHANNEL 

it - 2M 2 + 2E 1 E 2 ) (E 2 - M) 

A 2n = \k\ (E 2 -M) 

M-k — M-k + E UJ (E 1 — M) 

(t - 2M 2 + 2E 1 E 2 ) ( \k\ E u 
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A ia 
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(E^ + M) (E 2 + M) 
(t - 2M 2 + 2E l E 2 ) 
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A lff = ^^- + (E 1 -M)(E 2 -M) 

tin,. 



T2 



(t - 2M 2 + 2E 1 E 2 )(E 2 - M)\k\ 
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E u 

(m* -M)(E 2 -M) 
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tj B 5a ml (t-2M* + 2E 1 E 2 )\k\\q\ 
6a El 2(E 1 + M)(E 2 + M) { ) 



APPENDIX B: THE COEFFICIENTS IN TRANSVERSAL AMPLITUDES FOR 

S-CHANNEL 
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APPENDIX C: THE COEFFICIENTS IN TRANSVERSAL 

U-CHANNEL 
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FIGURES 




(a) (b) (c) 



FIG. 1. Mechanisms of the model for w-photoproduction: (a) t-channel exchanges, (b) and (c) 
s- and u-channel nucleon exchanges. 
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FIG. 2. Comparison of experimental differential cross section data for 7 + p — ► p + uj at E 1 = 
1.23, 1.45, 1.68 and 1.92 GeV from [19] with the calculation of suggested model. Solid, dashed 
and dot-dashed lines correspond to g% NN = 0.5, g^ NN = 0.1 ; g% NN = -0.4, g^ NN = 1.0 ; and 
9Znn = -!- 4 > dl N N = °- 4 > respectively. 
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-t{GeV 2 ) -t(GeV 2 ) 

FIG. 3. Ratio of differential cross section on neutron and proton target (R = da{^n — > nu/ 
da(jp — > poj) ) at (a) E 1 = 1.45 GeV and (b) E 1 = 1.68 GeV with the total contributions of 
exchange mechanisms (tt,s, u). Notation for different graphs is the same as in Fig. 2. 
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FIG. 4. Predicted behaviour of beam asymmetry for 7 + p — > p + uj at (a) E 1 = 1.45 GeV and 
(b) E 1 = 1.68 GeV. Notation for different graphs is the same as in Fig.2. 
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FIG. 5. Predicted behaviour of beam asymmetry for 7 + n — > n + u> at (a) E 1 = 1.45 GeV 



and (b) E 1 



GeV. Notation for different graphs is the same as in Fig. 2. 
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FIG. 6. Different contributions of exchange mechanisms to: (a) da^p — > pio)/dt, (b) 
i? = da(-yn — ► nu))/d<j{~fp — > pw), (c) £(7^ — ► pa;), (d) £(771 — > nw) at i£ 7 = 1.45 GeV for 
S'wAfTV = 0-5, aJtvtv = 0-1 • Solid, dashed and dot-dashed lines correspond to total, 7r-exhange and 
(s+u)-nucleon contributions, respectively. 
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